Tentative evidence indicates that a discrete tussock may not be genetically uniform, especially if its vitality is reduced. Using molecular markers, we studied the genetic composition of eight vigorous and eight weak tussocks of Carex sempervirens (cover !75% and 35%, respectively) to elucidate the relationship between tussock vigor and genetic variability. Four C. sempervirens tussocks harbored more than one genotype. However, all four variable tussocks were weak, and the additional genotypes occurred only at the edge of the tussock base. The formation of a genetically variable tussock of C. sempervirens is best explained by a seedling or small tussock being incorporated by a large, expanding tussock that eventually surrounds it. The vitalityrelated pattern was most likely caused by the greater intraspecific competition both inside and around the vigorous tussocks. We conclude that the formation of a tussock may involve more than one seedling and that tussocks, therefore, may not a priori be treated as genetic individuals.
Introduction
Tussock-forming graminoids are distributed worldwide (Briske and Derner 1998) and play a substantial role in many ecosystems, including wetlands, tundra, and high-altitude grasslands (Chapin et al. 1979; Jonsdottir and Watson 1997; Klimes et al. 1997; Korner 1999) . These species represent the typical phalanx form of clonal growth (Lovett-Doust 1981) , which is characterized by the compact spatial arrangement of tillers within a genetic individual (i.e., genet; van Groenendael and de Kroon 1990; de Kroon and van Groenendael 1997; Briske and Derner 1998) .
Tussocks of perennial graminoids commonly consist of separate tiller groups (Briske and Anderson 1990; Welker et al. 1991; Lord 1993; Wilhalm 1995) . In a study involving 103 tussocks of 24 tussock-forming perennial grasses, Wilhalm (1995) found that each tussock consisted of 2-35 separate tiller groups. Similarly, using an isotopic tracer, Dodd and van Amburg (1970) reported that a tussock of Andropogon scoparius consisted of many tiller groups, each acting as a unique physiological individual. Generally, it is believed that the separate tiller groups result from fragmentation of a genet because of aging or disturbances such as trampling and grazing and that they are genetically identical (Dodd and van Amburg 1970; Butler and Briske 1988; Wilhalm 1995) . However, the tiller groups may also result from the establishment and clonal expansion of different seedlings, so that a tussock is genetically variable.
There are three major processes by which a genetically variable tussock may be generated, namely, coincidental aggregation, incorporation by radial expansion, and infiltration by seeds. First, genetic variability within tussocks may originate from the accidental aggregation of two or more seedlings (or small tussocks) growing next to each other. Second, in the process of radial expansion, a large tussock may integrate or incorporate but, at least in the beginning, not outcompete and eliminate seedlings or small tussocks growing near the edge of its base. Third, seedlings of the tussock species may establish themselves and survive within a large tussock. Studies have shown that, frequently, various plant species can grow within tussocks of graminoid species such as Molinia caerulea (Rutter 1955 ), Eriophorum vaginatum (Fetcher 1985 , Ischaemum aristatum var. glaucum (Yabe 1985) , Carex stricta (Lord and Lee 2001) , Carex nudata (Levine 1999 (Levine , 2000 (Levine , 2001 , and Carex sempervirens (Yu et al. 2004) . In a streamside community in northern California, for instance, more than 60 different species colonize the tussocks of C. nudata, one tussock containing up to 20 different species (Levine 1999 (Levine , 2000 (Levine , 2001 . Similarly, in a subalpine grassland in the Swiss National Park, 68 different vascular species were found inside tussocks of C. sempervirens, with up to 19 species in a single tussock, attaining a cumulative cover of up to 102% (F.-H. Yu, B. Krü si, M. Schü tz, J. J. Schneller, and O. Wildi, unpublished data). It is, therefore, reasonable to assume that seedlings of the tussock species may also establish themselves within tussocks.
Under field conditions, the vitality of large tussocks may vary considerably (Gatsuk et al. 1980; Briske and Derner 1998) , with weak tussocks having a canopy cover of, for instance, less than 15%, compared with close to 100% in vigorous tussocks (F.-H. Yu and B. Krü si, personal observations) . Intraspecific competition between the well-developed tussocks and the new seedlings is very likely to be much higher in a vigorous tussock than in a weak one. We therefore hypothesize that the chance to find new genets is higher in weak tussocks than in similar-sized vigorous ones. Although numerous studies have investigated the genotypic uniformity of clonal plants (reviewed by Ellstrand and Roose [1987] ; McLellan et al. [1997] ), most were done on a much larger scale, i.e., on the population level. To our knowledge, the genetic identity of tillers within tussocks of graminoids has rarely been assessed.
Carex sempervirens Vill. (evergreen sedge) forms welldelineated tussocks with more or less circular bases and occurs frequently in the mountain ranges of central and southern Europe (Hess et al. 1967) . In a previous study conducted in a subalpine grassland, we observed tussocks of C. sempervirens with basal diameters of up to 49 cm and tussock bases rising up to 13 cm above the soil surface. We also found many different vascular species growing in the tussocks (F.-H. Yu et al., unpublished data) .
In this study, we specifically address the following questions: (1) Are large tussocks of C. sempervirens formed by one or several genets; i.e., are they genetically uniform or variable? (2) If they are genetically variable, is there a pattern with regard to tussock vitality; i.e., are weak tussocks more variable than vigorous ones? (3) What are the spatial patterns of the different genets within the genetically variable tussock; i.e., do the additional genets occur anywhere within the tussock or only in specific positions, e.g., at the edge or in the center? (4) Which of the above-mentioned mechanisms, i.e., coincidental aggregation, incorporation by radial expansion, and infiltration by seeds, best explains our findings?
Material and Methods

Sampling Design
The study area is an abandoned subalpine pasture, 10.7 ha in size and ranging in altitude from 1920 to 1980 m a.s.l., currently dominated by Carex sempervirens. The pasture is located in the Swiss National Park in the Engadine Valley of the Central Alps. On an area of ca. 100 m 3 100 m, we selected in August 2004 eight weak and eight vigorous tussocks of C. sempervirens with a basal diameter of more than 25 cm that were, in addition, well delineated and clearly separated from other tussocks. The weak and vigorous tussocks differed in many vitality-related traits, such as number of inflorescences (3.6 vs. 48.9), canopy cover (24.8% vs. 89.3%), and number of vascular plant species growing on the tussock base (14.6 vs. 8.5), but not in size (basal diameter: 31.4 vs. 30.4 cm; table 1). The difference in vitality was confirmed by a greenhouse experiment where tillers from weak tussocks produced much less biomass and fewer leaves than tillers originating from vigorous tussocks (F.-H. Yu, M. Schü tz, B. Krü si, J. J. Schneller, and O. Wildi, unpublished data).
For sampling, we used a 30 3 30-cm metal frame consisting of 36 quadrats, each 5 cm 3 5 cm in size. We assigned a specific number to each of the 36 quadrats so that we knew the relative sampling position within a tussock. For sampling, the center of the frame was positioned in the center of the base of the selected tussock ( fig. 1a) . In each quadrat where C. sempervirens tillers were present, one or two interconnected tillers of C. sempervirens were taken. For quadrats completely located on the tussock base (quadrats 8-11, 14-17, 20-23, and 26-29 in the case of a 30-cm-diameter tussock; fig. 1a ), we took tillers from the center of the quadrats. For quadrats at the edge of the tussock base (quadrats 1-7, 12-13, 18-19, 24-25, and 30-36 in the case of a 30-cm-diameter tussock; fig. 1a ), however, we collected tillers from the edge of the tussock. If the basal diameter was between 30 and 35 cm, the outermost quadrats were extended to encompass the edge of the tussock base, and the tillers were collected at the very edge. Because of the differences in vitality and thus the number of empty quadrats, sample size varied among the tussocks, ranging from 26 to 36 (e.g., fig 1b-1h) . The samples were dried with silica gel and kept at room temperature until DNA extraction.
DNA Extraction and RAPD-PCR
Total genomic DNA was extracted using DNeasy Plant Mini Kit (QIAGEN). We used three Operon oligonuleotide primers (decamers OPA-4, OPD-2, and OPD-18; QIAGEN) to assess the genotypic pattern of tussocks. In a previous study, the three primers produced 36 interpretable polymorphic markers, and each of the 300 different tillers, sampled from different tussocks, proved to be of a different genotype (F.-H. Yu et al., unpublished data) . DNA amplification was performed in Biometra T1 Thermocycler (Biolabo Scientific Instruments), with 12.5 mL of PCR reaction mixture composed of 13 PCR buffer, 0.2 mM of each dNTP, 0.4 mM primer, 2.0 mM MgCl 2 , 0.7 U Taq DNA polymerase (Sigma), and 5-10 ng of DNA template. The reaction was run for an initial 2 min at 94°C, followed by 40 cycles of 15 s at 94°C, 45 s at 39°C, and 90 s at 72°C, and then ended with a cycle of 6 min at 72°C and 5 min at 4°C (Weising et al. 2005) . The amplification products were separated by electrophoresis on 1.5% agarose gels with 13 TBE (Tris-borate-EDTA) buffer, and stained with ethidium bromide. Images were obtained using the Syngene imaging device (Biolabo Documentation System).
Detection of New Genets
Because of the high variability, RAPD is suitable for distinguishing between different genotypes (genets) of a clonal plant (Steinger et al. 1996) . However, RAPD is sensitive to slight changes in reaction conditions (Weising et al. 2005 ).
To minimize this problem, we took the following measures: (1) For each primer, we made a master mixture for all the samples of a given tussock, containing all reaction components except the DNA template. Ten microliters of the master mixture was then poured into each reaction container and 2.5 mL DNA template was added. (2) PCR of these samples was conducted using the same thermocycler and during the same period of time. (3) The resulting PCR products were separated on the same gel or on two parallel-running gels. Once different genotypes were detected within a tussock, DNA of the sample of the additional genotype was reextracted, PCR was repeated together with that of at least six different samples of the dominant genotype, and the products were run again in the same gel (see fig. 1 ). If the sample with DNA re-extraction still proved to be a new genotype, the tussock was treated as genetically variable.
Results and Discussion
Each of the 16 tussocks studied was dominated by a different genotype (genet). Twelve tussocks were genetically uniform (e.g., fig. 1b-1d) , whereas each of the other four contained two genotypes ( fig. 1e-1h) . Of the two genotypes in each of the four genetically variable tussocks, one (hereafter termed ''dominant genet'') was present in the majority of the quadrats, whereas the other (hereafter called ''additional genet'') occurred in only one ( fig. 1f-1h ) or four quadrats ( fig. 1e) . Recent studies have shown that the separation into several tiller groups within a tussock is a common phenomenon in tussock-forming perennial graminoids (Butler and Briske 1988; Williams and Briske 1991; Wilhalm 1995) . The same holds true for Carex sempervirens tussocks (J. J. Schneller, personal observation). It is generally believed that the separate tiller groups result from the fragmentation of Williams and Briske 1991; Wilhalm 1995) . The findings of our study, however, suggest that they may also originate from different seedlings.
All the genetically variable tussocks were weak ones, whereas all the vigorous tussocks were genetically uniform ( figs. 1, 2) , even though the number of inflorescences and thus seed production was much greater in the vigorous than in the weak tussocks (table 1) . These findings agree with the hypothesis that the chance of finding new genotypes is higher in weak than in vigorous tussocks. The observed vitalityrelated pattern was most likely caused by the greater intraspecific competition both inside and around the vigorous tussocks, as expressed, e.g., by size and cover of the canopy (table 1) . Because of the extremely high canopy cover in the vigorous tussocks (table 1) , which is closely positively related to tiller density (F.-H. Yu and B. Krü si, personal observation), intraspecific competition between the dominant genet and potential seedlings was likely too severe to allow new genets of C. sempervirens to be established either in the center or at the edge of the tussock base. In addition, seedling establishment immediately outside the tussock base but still under the tussock canopy is most likely much more difficult in the case of vigorous tussocks, e.g., because of shading (table 1) . On the other hand, proximity to a large tussock may also increase the chances for survival of C. sempervirens seedlings (i.e., facilitation; Levine 1999), because large tussocks are avoided by large herbivores, such as red deer. Even then, however, chances that seedlings and small tussocks are outcompeted by the nearby large tussock are much higher with vigorous than with weak tussocks. To what extent the vigor of the tussocks affects establishment and survival of competing plants is, for instance, also illustrated by the significantly reduced number of vascular species (other than C. sempervirens) present in vigorous tussocks (table 1) .
Another possible explanation for the observed pattern could be that vigorous and weak tussocks grew at different rates or represented different life stages of C. sempervirens tussocks, e.g., as described by Gatsuk et al. (1980) for tussock grasses. Thus, weak tussocks might be older than similarsized vigorous tussocks. Consequently, one could argue that weak tussocks should be genetically more diverse than vigorous ones because there was more time to incorporate additional genets. In particular, this would be relevant if genetic diversity had originated from infiltration by seeds. However, there is evidence that the basal diameter of senescent tussocks of C. sempervirens is shrinking (B. Stü ssi and B. Krü si, personal observation), which would exclude incorporation by radial expansion as a possible process to generate genetic variability in weak tussocks.
All additional genets were found at the edge of the tussocks ( fig. 1e-1h ). This pattern corresponds best to the mechanism of incorporation where a large, expanding tussock eventually surrounds and incorporates a seedling or small tussock that had once started to grow outside but near the base of the large tussock. In coincidental aggregation of two genets of similar strength and age, one would expect a more balanced presence of the two genets. In infiltration of a large tussock by seeds, one would expect to find some of the additional genets also near the center of the large tussock. The observed pattern indicates that, if seeds fall inside or around tussocks, the seedlings (new genets) may establish and survive only near the edge of large, weak tussocks. This may result from the massive amount of litter accumulated in the center of such tussocks. The litter accumulated in the up-to-13-cm-tall tussock base may effectively prevent the establishment of C. sempervirens seedlings mechanically and possibly also chemically (i.e., accumulation of toxic substances) in and near the center, even in weak C. sempervirens tussocks. The long persistence of C. sempervirens at a given microsite may also, for instance, have led to the depletion of certain macro-and micronutrients.
Conclusions
This study is the first to investigate genetic diversity within a tussock. We conclude that the formation of a tussock may involve more than one seedling. Consequently, tussocks, especially large, weak ones, may not a priori be treated as genetic individuals in ecological and evolutionary studies. We suggest that, without assessing genotypic uniformity, questions on, e.g., tiller regulation and clonal integration within a tussock should be addressed with caution, especially if large, weak tussocks are considered. Regarding the strategy of Carex sempervirens, we hypothesize that the combination of vegetative and generative reproduction may render the population more resilient. Survival of new genets in and around large, weak tussocks of C. sempervirens may help maintain its population density and diversity and thus may help increase the chances for the continued dominance of the species.
